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Forum statement

The aim of this paper is to present investigations and modelling of slope mass movements in the hinterland area of the Koroška Bela settlement
(Bela torrent watershed) that is located on torrential fan in the Karavanke mountain ridge in north-western Slovenia. The hinterland of Koroška Bela
settlement has complex geological and tectonic conditions. The active landslides are mainly related to soft fine-grained and tectonically deformed
clastic rocks, most of which are covered with large quantities of carbonate scree material. Based on the investigation and field observation, the
most active landslides of the Bela stream hinterland are considered to be the Urbas and Čikla landslides. Based on investigations herein, previous
research and historical evidence have showed that the area of interest could present source areas of potential debris flow that could be triggered
by extreme events (such as extreme precipitation events, earthquake or combination of both). A debris flows present a direct hazard for underlying
settlement with 2,200 inhabitants and developed infrastructure (international railway) and industry (steel industry). With this potential risk in mind,
monitoring the sliding mass, assessing the volume of active landslides and the potential hazard is crucial for effective disaster risk management.
In order to assess the hazard for underlying village, a multidisciplinary approach using engineering geological and geophysics investigation,
hydrogeological and geotechnical monitoring was applied. Firstly, an engineering-geological mapping was applied in order to identify areas prone
to slope mass movements and to determine location and type of investigation (geomechanical boreholes, geophysical investigations). The entire
hinterland of the Koroška Bela settlement was geologically mapped at scale 1:5,000, while selected important landslides were mapped at scale 1:
1,000 (the Urbas and Čikla landslide). Secondly, the core drilling and core logging of 7 boreholes and excavation of 2 trenches were applied at the
Urbas and Čikla landslides. Based on core logging we identify the main lithological units and sliding surfaces of both landslides. Furthermore, the
thickness of lithological layers was determined using geophysical surveys. The 4 boreholes were equipped with inclinometers or piezometers which
were beneficial to interpreted subsurface conditions, absolute displacement rates and measurements of ground water levels were interpreted based
on 4 boreholes equipped with inclinometers or piezometers. Additionally, geomechanical properties were determined using laboratory tests such
as soil suctions, grain size analysis, edometer test, direct shear test and permeability based on samples collected from the boreholes and trenches.
Based on geological survey, results in geotechnical lab and hydrological model of the area, potential debris flow scenarios (magnitude, rheological
characteristics) from Čikla and Urbas were determined. Mathematical model Flo-2D was applied to simulate these potential debris flow events.
Modeling results show that potential debris flows with previously mentioned magnitudes would have catastrophic consequences on Koroška Bela
torrential fan. Simulated depths of potential debris flow exceed 5m in some densely populated parts of the Koroška Bela fan. Therefore, application
of mitigation measures is inevitable.
Investigation of landslide kinematics from their origin to the deposition areas is becoming crucial to reduce human loss from landslides and to
assess landslide hazard. In doing so, the following questions are pursued: where can landslides occur (place of origin), when (rheological properties
of material, rainfall), how extensive can they be (magnitude), and where can landslides act (place of action)? When searching for the answers to
these questions, a comprehensive interdisciplinary approach is one of the most reasonable solutions on which experts and the science of landslide
dynamics should focus more attention both in Slovenia and internationally. In such complex mountain morphological, geological, hydrological and
urbanistic setting interdisciplinary approach is crucial for the efficient disaster risk management. Detail spatial basis serves as the most important
input for planning and design of needed mitigation or protective construction measures.
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